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Preparation  of  <*  ,u.-Dllodo;erf luoroalfcanes 
Clifford  D.  Bedford  and  Kurt  Bau.a 
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Abstract 
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Reaction  conditions  for  the  preparation  of  or,«.'-dl lodoperfluoro- 
alnanes  frca  Iodine  and  tetrafluoroethylene  were  studied.  A  laboratory 
aethod  was  developed  for  the  preparation  of  aultigraa  quantities  of  oc^o- 
dllodoperfluoroal'nanes.  Slallar  results  were  observed  using  Iodine  and 
1,2-dliodoperf luoroethane.  A  high  conversion  of  l,U-dl lodoperf luorobu- 


tane  to  higher  teloaers  was  obtained. 


’  •  •  on  Po  p’ 


*-’iCed 
'  !  lo 


*  ritHUotv 


-£*fl' 


aim 

n  ,  •****«! 


Although  perfluoroalkyl  Iodides  ore  widely  used  reagents  for  the  syn¬ 
thesis  of  fluorine  ted  compounds,  <x  *j-dllodoperfluoroalkanes  have  not  been 
readily  accessible.  A  direct  route  to  these  mterlals  by  the  telonerlzatlon 

of  tetrafluoroethylene  with  Iodine  mis  reported  by  Kaszeldlne  in  1951>  hut 
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experimental  details  and  product  characterizations  were  not  given.  Subse¬ 
quently.  Knunyants,  et  al. ,  attempted  to  repeat  this  work  but  obtained  only 
very  low  yields  of  a  mixture  of  telomere.^  Although  catalysts  for  the  reac- 
tlon  were  reported  in  the  patent  literature,  this  direct  method  has  not  ap¬ 
peared  to  be  useful  for  laboratory  scale  preparations  and  other  routes  have 
been  developed.  A  hot  tube  reaction  of  diacld  chlorides  with  potassium 
iodide  has  been  reported  to  give  ac.w-dllodoperfluoroalkanes,  but  the  prepa¬ 
ration  of  the  starting  materials  required  several  steps. ^  Milligram  quanti¬ 
ties  of  several  of  the  dllodldes  were  obtained  by  the  photolysis  of  fcromo- 
1 odod 1 f 1 uo rooe thane  with  tetrafluoroethylene.^ 

We  wish  to  report  the  development  of  a  convenient  and  reproducible 
laboratory  scale  telomerizatlon  of  tetrafluoroethylene  with  Iodine.  The 
results  of  exploratory  experiments  are  summarized  In  Table  2.  The  reactions 
were  carried  out  In  stainless  steel  cylinders  at  200-220° C  and  an  Initial 
pressure  of  20-27  atm.  So  catalysts  were  used. 
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Sable  1.  Teloaerliatlon  of  Tetrafluoroethyleoe 


Product  Ooapoaltlon 


Run 

Reagent 

Tetrafluoroethyleoe 
(aole*/aole  reagent) 

Yield 

(51)* 

i(cr2)2i 

I(CF2)uI 

Higher 

Teloaera 

1 

J2 

2 

49.0 

64.2 

28.5 

7-1 

2 

*2 

4 

47.0 

65.5 

29.5 

4.9 

3 

i(cf2)2i 

1 

50.3 

66.6 

29.1 

4.1 

4 

i(cp2)2i 

2 

52.0 

50.0 

33-3 

16.6 

5 

I(GF2)2I 

4 

67.0 

3»*.l 

41.4 

24.3 

Include*  recovered  ICFjCFjI 


Either  Iodine  or  1,2-dliodotetrafluoroetfcane  can  be  used  Interchangeably 
as  the  telogen  as  Is  seen  by  the  slallarity  of  the  results  of  runs  1  and  3  of 
Table  1,  which  contained  equivalent  amounts  of  starting  materials.  Free  Io¬ 
dine  was  observed  In  all  of  the  runs,  suggesting  an  equilibrium  dissociation 
of  1,2-dilodotetrafluoroethane  to  iodine  and  tetrafluoroethylene.  This  equi¬ 
librium  is  consistent  with  Hasseldine's  proposed  mechanism  for  teloaer  growth 

2 

Involving  homolysls  of  lodo  end  groups. 

1  1  ^ ^  ♦  1*  ^  CFg"'-^  ^  ^  I* 

As  one  would  expect,  the  results  of  the  exploratory  experiments  Indi¬ 
cate  that  higher  ratios  of  tetrafluoroethylene  to  Iodine  favor  conversion  to 
higher  teloaers.  For  preparative  work,  the  amount  of  tetrafluoroethylene 
that  can  be  used  Is  Halted  by  the  pressure  capability  of  the  equipment. 
Therefore,  cylinders  containing  preparative  reaction  mixtures  were  cooled 
after  a  day  of  heating  at  20C-22  1°C,  recharged  with  tetrafluoroethylene  and 
heated  for  an  additional  day.  In  this  »*y  a  one  liter  pressure  cylinder 
yielded  2**  g  of  l,*»-dllodoperfluorob  utane,  16  g  of  1,6-dllodoperf luorohexane, 
10  g  of  1,6-dllodoperfluorooctane  and  10  g  of  a  mixture  of  higher  teloaer*. 

Another  aetnod  of  obtaining  higher  teloaers  Is  to  treat  the  lower  hoao- 
logs  with  tetrafluoroethylene.  Treatment  of  l,U-dllodoperfluorobutane  with 
excess  tetrafluoroethylene  by  this  procedure  resulted  In  8o£  conversion  to 
higher  homo logs,  based  on  consumed  starting  mterlal. 
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The  fluorine  JWR  spectre  of  the  c*  ,<>-dllodoperfluoroalkanes  ere  chare c- 
terletle  of  the  etrueture.  The  CF 2I  signals  ell  eppeer  et  0  65,  with  the  ex¬ 
ception  of  1CF2CF21  (59.6).  The  CFpCFpI  signals  eppeer  et  lib. U- 115,  end  the 
lnternel  J“2  signals,  et  122.U-123-2. 

Experimental  Section 

A  Varlen  9C0  chroaatogreph  with  a  10  ft  x  3/8  Inch  column  of  10)1  QF-1 
on  acid-washed  Chroaosorb  W  was  used  for  both  analytical  end  preparative  ges 
chroeatogrephy .  NMR  spectre  were  obtained  with  a  Varlan  T-60  spectrometer. 
Pressure  reactions  were  carried  out  behind  a  safety  barricade  using  1600  PS1 
rated  stainless  steel  cylinders.  Tetrefluoroethylene  was  purchased  from  P2R 
Xne. 

Reaction  of  Tetraf luoroethylene  with  Iodine.  Tetrefluoroethylene  (50 
el,  0.9b  sole)  was  condensed  at  -100°C  (ether- liquid  nitrogen  bath)  Into  e 
previously  evacuated  calibrated  glass  trap,  fitted  with  a  monoaeter.  The 
tetrefluoroethylene  was  distilled  Into  an  evacuated  1000  al  stainless  steel 
pressure  cylinder  containing  63.$  g  (0.25  mole)  of  Iodine  et  -100°C.  The 
cylinder  was  heated  behind  a  barricade  with  a  200-220° C  oil  bath  for  22  hrs. 
The  cylinder  was  cooled,  was  recharged  with  b5  al  (C.T5  mole)  of  tetrefluoro¬ 
ethylene  by  the  above  procedure,  and  was  heated  for  an  additional  18  hrs  at 
200-220°C.  The  product  wi  extracted  with  four  100  al  portions  of  methylene 
chloride,  and  the  solution  ms  washed  with  two  100  al  portions  of  0.1  J»  sodlun 
thiosulfate  and  dried  over  aagneslua  sulfate.  Distillation  gave  20.1  g 
(22. 7%)  of  1,2-dllodotetrafluoroethane,  bp  U2-U7 °C  (35  on),  F  NMR  (STd^) 

4  59*£  PF«  (•);  23-8  g  (20. #)  of  l.b-dllodoperfluorobutane,  bp  60-63°C 
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